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biological fluid, of the concentration of electrolytes and 
metabolites in solution, and of the pH, p02 and pC02» 
the said calibration being carried out with at least one 
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DescriptI n 

In its most general aspect, the present invention relates to a method for calibrating instruments for measuring the 
partial pressure of gases In liquid media, especially in biological fluids. 

In particular, the present invention relates to a calibration method which maybe applied to known measuring instru- 
ments, such as instruments for the analysis of t)lood gases, which are used to determine the partial pressure of oxygen 
and/or of cart>on dioxide (pOg and PCO2). as well as other components such as electrolytes, pH, metabolites, etc., in 
samples of biological fluid. 

Various instruments are known for the analysis of blood gases, these instruments ranging from ordinary routine 
apparatus to the most complex automated apparatus, which are used lor the real-time monitoring of the levels of PO2 
and PCO2 in the blood, along with other components, during surgical operations or intensive care. 

These instruments, which operate at 37°C, comprise a series of specific electrochemical sensors for each individ- 
ual determination, the sensors requiring frequent, if not continuous, calibration. 

The term "electrochemical sensors" is understood to refer to potentiomefric. amperometric or conductimetric sys- 
tems which measure electroactive species in solutton, either directly (electrolytic species) or indirectly (gases), by 
means of membranes which are selective for Ions or gases respectively. 

Th ion-selective eiecfrodes are calibrated using reference solutions, whereas the gas-selective electrodes may be 
calibrated using standardized gas nrtixtures, with ambient air or with reference liqukis, the latter consisting of solutions 
equilibrated witii gas mixtures at constant temperature. 

The calibration of the gas-selective electrodes, in particular of the oxygen eiecfrode used for the determination of 
the PO2 in the blood, is of particular interest and many methods have been developed to carry out such a calibration. 

The determination of the partial pressure of oxygen using insfruments for the analysis of blood gases, which is car- 
ried out with a Clark amperometric eiecfrode with which tiie PO2 is determined in mQlimefres of mercury (mmHg), is 
known in the art. 

In this case, calibration of the system takes place by recording the current signal of the oxygen-sensitive eiecfrode 
at two known values of p02. 

The first calibration point has a zero PO2 value and is used to determine a base value. 

The second calibration point, on the ottier hand, has a known PO2 value which varies according to tiie type of 
insfrument used and is between 100 and 200 mmHg. 

This second calibration point serves to determine the slope of the calibration curve. 
The first calibration point may be established in one of the following ways: 

1) with a mixture of gases contained in a suitable cylinder having a zero concentration of oxygen; 

2) with an aqueous solution containing a sfrongly reducing substance (sodium^ulphite. sodium dithionite. etc.), in 
which the oxygen is chemically consumed: 

3) using elecfrochemical methods which allow the oxygen to be removed by elecfrolysis; 

4) by carrying out elecfrical zeroing on the insfrument. 

On the ottier hand, the second calibration point may be established in one of the following ways: 

a) from a mixture of gases contained in a suitable cylinder with a known concentration of oxygen; by knowing the 
atmospheric pressure at which the measurement is taken, It is possitde to obtain a known value of PO2; 

b) from atmospheric air in which the percentage of oxygen is constant (20.9%); in tiiis case, also, it is necessary to 
know the atmospheric pressure when tiie measurement is taken; 

c) with an aqueous solution equilibrated, when it is produced, with a gas mixture containing a suitable percentage 
of oxygen and packaged in collapsible, gas-inrpermeable containers; 

d) with a solution equilibrated witii atmospheric air at the same temperature as the measuring temperature (37°C), 
with a stage of tonomefry canried out directly on the instrument by bubbling or passage through plastic, oxygen- 
permeable tubes or membranes; in tNs case, alsa it is necessary to know the atmospheric pressure when the 
measurement is taken. 

Th methods listed above for establishing the second calibration point each have advantages and disadvantages. 
Indeed, method a) has the advantage of being reliable, since a mixture of gases is used which is a standard con- 
trolled by exfremely accurate gas-chromatographic reference methods. 

Moreover, tiiis allows tiie simultaneous calibration of the PO2 and PCO2 values. 

However, this method has drawbacks associated witii tiie use of compressed-gas cylinders, namely tiieir bulk, 
safety problems and the difficulties involved in moving the instrument around. 

Moreover, since the insfruments also measure other parameters which require agents for calibrating in aqueous 
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solution, it is necessary to carry out mixed cycles of calibration, partly with a gas mixture and partly with aqueous solu- 
tions, thereby considerably lengthening the time required to calibrate the instrument and/or conplicating the fluid route. 

Method b) for establishing the second calibration point has tiie advantage of using ambient air, which does not cost 
anything and has a constant composition, irrespective of location, thereby making it. de facto, a primary standard. 
5 However, with ambient air. it is not possible to carry out the calibration for tiie determination of the pCOa and there- 

fore instruments which use this method are coupled to a cylinder of cartx)n dioxide. 

A variant of an instrument which uses the above-mentioned method b) is tiie so-called Gas Mixer, in vt^ich mixtures 
of gases from air and from a cylinder of cartoon dioxide are obtained directly from the instrument. 

Lastiy, method b) also necessarily uses mixed calibration cydes. 
10 Method c) has the advantage over the preceding mettiods of being able to calibrate electrodes for gases and for 
electrolytes simultaneously, thus using shorter cydes without complicating the fluid route. 

Moreover, the instrumentation is of minima! bulk since it does not require a cylir^Jer, and the safety problems asso- 
ciated with the use of gas mixtures are also avoided. 

However, this metiiod suffers from the drawk>acks associated with the use of tonometer-measured solutions. 
IS Such solutions contain known dissolved amounts of oxygen and caibon dioxide together with krx^wn amounts of 
other components to be determined, such as bicark)onate, catdum, sodium, potassium, otiier ionic species and orgemic 
spedes such as glucose. 

These solutions may be prepared in a tonometer by mixing the appropriate ingredients together so as to obtain a 
buffered solution and adding to this solution a gas mixture with a known titre of oxygen and carbon dioxide. 
20 The gases and the aqueous phase equilibrate in the tonometer and the partial pressures of oxygen and of cartx>n 
dioxide are adjusted to the desired values. 

These values con^espond to molar concentrations which are considerably lower tiian the concentrations of these 
gases in the gas mixtures. 

At this point, the solution tiius prepared is stored in a gas-impermeable, collapsible sealed container which is gen- 
25 erally a t>ag consisting of an aluminium laminate placed between layers of a thermoplastic polymer. 

The solution may be sealed inside this bag at a gas pressure below atmospheric pressure, as described, for exam- 
ple, in US paterrt 4,1 16,336. or above atmospheric pressure by also introducing a gas which diffuses rapidly, such as 
helium, into the t>ag. as described in US patent 4.960,708. 

in any case, calibration using these tonometer-measured solutions is almost always inaccurate as far as determin- 
30 ing the p02 is concerned, since it has been found that tiie content of this gas in tiie bags tends to vary between the time 
they are prepared and tiie time tiiey are used. The reason for this is that the metal layers of tiie bags are never totally 
impermeak^le to gases, especially to oxygen. 

Moreover, the permeability of the gases may increase considerably, for example because the packaging is not com- 
pletly leaktight and/or because of the possible exposure of tiie bags to high tenqderatures. witii consequent degassing 
35 of the solution. 

However, the atx)vementioned drawt>acks essentially relate to variations in the pOg titre in the bag, since the pC02 
titi-e tends to remain stable over time because of the intrinsic properties of the formulations of tiie solutions contained 
in the bags. 

Moreover, the p02 titre in the bag may also decrease as a result of corrosion phenomena occuring in the metal 
40 layer of the containers v\nth which the solution may come into contact during storage and/or because of microbiological 
contamination. 

Consequentiy, the shelf-life of these solutions is also relatively short. 
Method d) has esserrtially the same advantages as method c). 
However, in this case also, the p02 titre of the solutions used is quite variable. 
45 Moreover, the solution which is tonometer-measured with air cannot be used to calibrate the pC02 and the related 
instrumentation is quite complex and expensive, since it requires a thermostatically-controlled tonometry system. 
Consequentiy, tiie calibration cyde is not tiie same for oxygen and tiie other parameters. 

The protHem which underlies the present invention is one of providing a method for calibrating an instrument for the 
analysis of blood gases, with which both gas-sensitive elecf odes and ion-sensitive electrodes can be calbrated in a 
so single cyde. which is reliable in its p02 determination and does not suffer from the drawbacks of the methods men- 
tioned above. 

This method must moreover be practical, safe, readily adaptat)le for routine purposes and should not require the 
use of gas cylinders. 

The abovementioned problem is solved according to tiie present invention by means of a method for calibrating an 
55 instrument for the analysis of blood gases which possesses ion-sensitive electrodes and gas-sensitive electrodes and 
is used for tiie determination, in a biological fluid, of the concentration of electrolytes and metabolites in solution, and 
of the pH. PO2 and pCOg, the said metiiod comprising the stages of: 
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providing available at least one buffered calibration solution containing O2 and a tonometer-measured or known 
amount of CO2. the said solution moreover comprising known concentrations of the electrolytes and metabolites to 
be determined; 

determining the PO2 titre in at least one said calibration solution; 
5 calibrating the electrodes In a single cycle with at least one said calBDration sdution In which the PO2 titre has been 
determined: 

characterized in that the said stage of determining the p02 in at least one said calibration solution is carried out 
using atmospheric oxygen as reference. 

10 The abovementioned method may advantageously also comprise a stage in which the electrodes are calibrated in 
order to determine a base value at zero oxygen content. 

This calibration is performed by carrying out electrical zeroing on the instrument or by mear« of a calibration solu- 
tion In which the oxygen has been removed by chemical or physical methods. 

The biological fluid In which the electrolyte and metabolite concentrations are detennined. together with the pH. 
IS PO2 and PCO2, may be blood, plasnrta, or serum. 

Preferably, the electrolytes to be detemriined in the biological fluid are chosen from the group comprising sodium, 
potassium, lithium, calcium, magnesium and chloride ions and the metabolites to be determined are chosen from the 
group comprising glucose, lactate, urea, creatinine and pyruvate. 

The aqueous solutions which may be used in the calibration method off the present invention are buffered solutions 
20 which contain oxygen and a known or tonometer-measured amount of carlx)n dioxide, the said solutions moreover 
comprising known concentrations of the electrolytes and metakx)lites to be determined. 

Preferably, tiie abovementioned reference solutions contain known amounts off oxygen and cart>on dioxkle witii PO2 
and PCO2 measured by tonometer during production and are stored in collapsttsle, gas-impermeable containers. 
The at)Ovementioned solutions advantageously have a pOg off between 100 and 300 mmHg. 
25 Given the constancy off the O2 content off atiiTospheric air (20.9%), which is a consequence of the constancy of the 
average molecular weight off air, which is equal to 28.964 kg/KM up to an altitude of 86 km. the concept underiying tiie 
present invention was to use atmospheric air as primary standard for the determination off the exact pOa titre off ttie indi- 
vklual calibration solutions. 

These determinations were expediently earned out before using the solutions to calibrate the electrodes. 
30 In this way, in the calibration method of the present invention, the exact PO2 titre is given to the individual bag con- 
taining the reference solution during installation on the instrument. 

The value off tiie pOa titre off the bag determined against air is tfierefore used to calibrate the instrument and for all 
subsequent calibrations canried out alternately with bk>od samples. 

The pOg titre of an individual bag is therefore determined only once or periodfoally, for exanple every day. depend- 
35 ing on the times and conditions of use. 

It was found, surprisingly, that determination of tiie PO2 in blood santples upon implementation of tiie calibration 
method off tiie present invention gives very precise results and an accuracy which is comparable witti tfiat off similar 
determinations carried out by means off calibration with gas mixtures which, as has been seen, are reliable. 

The calibration method off tiie present invention is therefore particularly advantageous since it has all tiie advan- 
40 tages of calibration with tonometer-measured solutions, in particular their convenience of use and their speed, and at 
the same time is also highly reliable with respect to the determination of PO2 in biological fluids. 

It clearly also allows the simultaneous determination off the PO2 and PCO2 in k}lood sanples since, as has been 
mentfoned previously, the pC02 off tiie bags tends to remain constant over time. 

Moreover, the calibration cyde off the present invention is simple, rapid, particularly suitable for routine purposes 
45 and can easily be applied without the need for the speciffic instrumerrtation and most checks required in most conven- 
tional measuring equipment. 

The aims and advantages off the present invention will become more apparent ffrom the description of the examples 
which follow, these being given by way of non-limiting gukle. 

so Example 1 

Determination of the pOa titre of a tonometer-measured calibration solution. 

In tills example, the PO2 titre of a tonometer-measured solution is determined, both against air and against a gas 
55 mixture containing 20.03% off O2. 

This solution is contained in a collapsible bag in which tfie oxygen content has been measured by tonometer during 
production and which contains tiie components listed in Table 1 below togetiier witii the respective concentrations in 
mmol/l: 
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TABLE 1 



Components of the tonometer- 
measured calibration solution 


Concentration 
mmovi 


HE PES tHiffer 


50 


fviviitinn hvrlroyidfi 

WUUIUl III Ij^UI U^lww 


26 


Sodium chloride 


9 


Potassium chloride 


5 


Sodium hydrogen carbonate 


25 


Calcium chloride 


1 



The tonometer-measured solution moreover has a pH » 7.38 at the measuring temperature (37**C) arvi contains a 
suitable antimicrobial agent. 

The following samples were placed in front of the cxygen electrode in an instrument for the analysis of blood gases 
operating at 37**C: 

20 

a gas mixture with a zero content of oxygen, in order to determine the zero response of the electrode; 

a gas mixture containing 20.03% of O2; 

air; 

solution of tonometer-measured O2. 

25 

The gas mixtures and the air were appropriately humidified before use at 37**C tor a period of 30 minutes and a 
water vapour pressure of 47 mmHg was measured at this temperature. 

For each sample, the signals at the oxygen electrode were recorded in picoamperes (pA) at given times (1 ntinute 
after sampling). 
30 The process carried out was as follows: 

1) the response of the oxygen electrode for the mixture with a zero content of oxygen was determined by making 
three recordings of the signal in pA at the electrode and taking the average; 

2) the signal In pA at the oxygen electrode for the gas mixture containing 20.03% of O2 and for air were recorded; 
35 3) the signal in pA at the oxygen electrode for the tonometer-measured solution was recorded. 

Stages 2 and 3 are repeated so as to obtain three sets of values of the signals in pA at the electrode for each of 
the two determinations. 

Lastly the PO2 values in mmHg of the solution were calculated both against the mixture containing 20.03% of O2 
40 and against air for each set of values of pA respectively and the average of the results obtained for each determination 
were taken. 

CALCUI-ATIONS 

^ pO 2(M) = (759 - 47) * 20.03/100 = 142.6 



pO 2 air » (759 - 47) * 20.9/100 = 148.8 
pO 2(S-M)- w ^^^^^ 142.6 



55 

where: 



pO,(S.A)=e^§LJ^^*148.8 
^ 2v / pAair-pAzero 
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p02 (M) = partial pressure of oxygen in the gas mixture containing 20.03% of O2. in mmHg; 
PO2 air = partial pressure of oxygen in the air. in nrmHg; 

PO2 (S-M) » partial pressure of oxygen in the calibration solution against the gas mixture containing 20.03% of O2. 
in mmHg; 

5 PO2 (S-A) = partial pressure of oxygen in the calibration solution against air, in mmHg; 

pA (S) = picoamperes of the calibration solution; 
pA (M) s picoamperes of the gas mixture containing 20.03% of O2: 
pA air = picoamperes of the air. 

10 NOTES: 

1) pA zero represents the average of three recordings of the signal in picoamperes at the oxygen electrode against 
a rnixture with a zero content of oxygen: average value of three measurements « 6.3 pA; 

2) the barometric pressure dicing the experiment was 759 mmHg; 

IS 3) the water vapour pressure in the gas mixtures and in the air is 47 mmHg. 

The results are presented in Tables 2 and 2b. 



TABLE 2 



Titration of tonometer-measured solution against the gas mixture con- 
taining 20.03% of O2 


pA mixture containing 
20.03% of O2 


pA solution bag 


PO2 calculated for the 
solution (mmHg) 


708 


717 


144.4 


703 


713 


144.6 


700 


711 


144.9 




AVERAGE 


144.6 



TABLE 2B 



Titration of tenometer-measured solution against air 
(20.9% O2) 


pA air 


pA solution bag 


PO2 calculated for the 
solution (mmHg) 


732 


712 


144.7 


729 


710 


144.9 


727 


709 


145.1 




AVERAGE 


144.9 



As can be seen, the values obtained in the two tests are very similar. 
50 Example 2 

Determination of the PO2 in tonometer-measured blood samples 

In this example, the PO2 in tonometer-measured blood samples was determined against a gas mixture containing 
55 20.03% of O2 and against the solution titrated against air of Example 1 . 

The tonometer-measured blood samples were prepared by means of the following process: 
6 ml of fresh blood were placed in a tonometer at 37''C. in which a gas mixture having a known percentage of O2. 
was bubbled through at atmospheric pressure the said mixture having been humidified beforehand at 37''C for a period 
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of 30 minutes. 

At the end of this process, the value of the partial pressure of oxygen in the blood (theoretical pressure) was calcu- 
lated in the following way: 

5 theoretical p02 = %02(M)*(Pb-P vapour Zl^'C) 

where: 

%02(M) = percentage of oxygen in the gas mixture; 
10 Pq = barometric pressure during the experiment; 
P vapour 37*0 = water vapour pressure at 37*C. 

Three samples of blood having theoretical pOg values of 49.8 mmHg, 71.9 nrmnHg and 185.1 mmHg respectively 
were thus prepared. 

IS The following samples were placed in front of the oxygen electrode in the instrument for the analysis of blood gases 
of Example 1 : 

a gas mixture with a zero content of oxygen, in order to detemfiine the zero response of the electrode; 
a gas mixture containing 20.03% of O^; 
20 the solution titrated against air of Example 1 ; 
a tonometer-measured blood sample. 

The gas mixtures and the air were appropriately humidified before use at 37*^0 for a period of 30 minutes, and a 
water vapour pressure of 47 mmHg was read at this temperature. 
^ For each sample, the signals at the oxygen electrode were recorded in picoamperes (pA) at given times (1 minute 
after sampling). 

The process carried out was as follows: 

1) the response of the oxygen electrode for the mixture with a zero content of oxygen was determined by making 
30 three recordings of the signal In pA at the electrode and taking the average; 

2) the signal in pA at the oxygen electrode for the gas mixture containing 20.03% of O2 and for the solution titrated 
against air of Example 1 were recorded; 

3) the signal in pA at the electrode for the blood sample was recorded. 

35 Stages 2 and 3 are repeated so as to ol>tain three sets of values of the signals in pA at the electrode for each deter- 
mination. 

Lastly, the pOg values in mmHg of the blood sarrples were calculated both against the mixture containing 20.03% 
of O2 (Tables 3. 4 and 5) and against the solution titrated against air (PO2 assigned 1 44.9 mmHg, Tables 3b, 4b and 5b) 
and for each determination the average of the results ot>tained was taken. 



40 



45 



50 



CALCUUVnONS 

The calculation carried out to obtain the value of pOa is the following: 



where: 

PO2 (M) s partial pressure of oxygen In the gas mixture containing 20.03% of Og. in mmHg; 
55 PO2 (S) =: partial pressure of oxygen in the calibration solution titrated against air of Example 1 . in mmHg; 

PO2 (blood-M) - partial pressure of oxygen in the blood sample against the gas mixture containing 20.03% of Q2. 
in mmHg; 

p02 (blood-S) = partial pressure of oxygen in the blood sample against the calibration solution titrated again air of 
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Example 1, in mmHg; 

pA (S) - picoamperes of the solution titrated against air of Example 1 ; 
pA (M) = picoamperes of the gas mixture containing 20.03% of 62; 
pA blood = picoamperes of the blood sample. 

NOTES: 

1) pA zero represents the average of three recordings of the signal, in picoamperes, at the oxygen electrode 
against a mixture with a zero content of oxygen: average value of three measurements - 6.3 pA; 

2) the barometric pressure during the experiment was 759 mmHg. 

TABLE 3 

PO2 measurement in blood measured by tonometer at 37**C 
(O2 = 7.00%) against a gas mixture containing 20.03% 
(pOj ^ 142.6 mmHg) 

Theoretical pOj value in the blood: 49.8 mmHg 
pA zero used : 6.3 pA 



pA of mixture 
containing 20.03% 
of O2 


pA of tono- 
meter-measured 
blood 


pOj calculated 1 
for the blood (mniHg) 


699 


254.4 


51.0 


700 


244.1 


48.9 


704 


241.1 


48.0 




AVERAGE 


^ 49.3 
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TABLE 3B 

pOj measurement in blood measured by tonometer at 3 7^C 
(Oa = 7.00%) against a solution titrated against air 
(pOa = 144.9 mmHg) 

Theoretical pO^ value in the blood: 4 9.8 mmHg 
pA zero used: 6.3 pA 



pA of solution 


pA of 

tonometer- 
measured blood 


pOj calculated 

for the blood (mmHg) 


712 


234.4 


46.8 


710 


234 .4 


47.0 


711 


233.3 


46.7 




AVERAGE 


46.8 



TABLE 4 

PO2 measurement in blood measured by tonometer at 37**C 
(O2 = 10.1%) against a gas mixture containing 20.03% 
(pOj = 142.6 mmHg) 

Theoretical pOj value in the blood: 71.9 mmHg 
pA zero used : 12 . 6 pA 



pA of mixture con- 
taining 20.03% 
O2 


pA of 

tonometer - 

measured 

blood 


pOj calculated 

for the blood (mmHg) 


717 


338 


64.9 


716 


339 


66.2 


714 


343 


67.2 




AVERAGE 


66.1 
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TABLE 4B 

measurement in blood measured by tenometer at 37 °C 
(O2 « 10.1%) against a solution titrated against air 
(pOj = 144.9 mmHg) 

Theoretical pOj value in the blood: 71,9 mmHg 
pA zero used: 12.6 pA 



pA of solution 


pA of tonometer- 
measured blood 


pOj calculated 

for the blood (nunHg) 


722 


333 


65.4 


721 


332 


65.3 


720 


333 


65.6 




AVERAGE 


65.4 



TABLE 5 

pOa measurement in blood measured by tonometer at 37 
(O2 = 26%) against a gas mixture containing 20.03% O2 
(pOj = 142 . 6 mmHg) 

Theoretical pOj value in the blood: 185.1 mmHg 
pA zero used: 22.2 pA 



1 pA of mixture 

1 containing 20.03% 


pA of 
tonometer- 
measured blood 


pOj calculated 

for the blood (mmHg) 


720 


871 


173.5 


719 


868 


173 . 1 


719 


878 


175.1 




AVERAGE 


173.9 
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TABLE 5B 

pOj measurement in blood measured by tonometer at 37**C 
(O2 = 26%) against a solution titrated against air 
(pOj = 144.9 mmHg) 

Theoretical pOa value in the blood: 185.1 mmHg 
pA zero used: 22.2 pA 



pA of solution 


pA of 
tonometer- 
measured blood 


PO2 calculated 

for the blood (mmHg) 


733 


869 


172.6 


732 


870 


173.1 


731 


866 


172.5 




AVERAGE 


172.7 



CONCLUSIONS 

Analysis of the tables reveals that the pOg values obtained for the blood samples against the tonometer-measured 
calibration solution (Tables 3b. 4b and 5b) are comparable with those obtained against the gas mixture (Tables 3, 4 and 
5). 

Consequently, the calibration method of the present invention is reliable for the determination of the pOa in a bio- 
logical fluid. 

This determination is both faster and easier tiian that carried out using the standard metiiod for gas mixtures. 
Claims 

1 . MettKxl for calibrating an instrument for the analysis of blood gases which possesses ion-sensitive electrodes and 
gas-sensitive electrodes and is used for the determination, In a biological fluid, of the concentration of electrolytes 
and metabolites In solution, and of the pH. pOa and PCO2, the said method comprising the stages of: 

providing at least one buffered calibration solution containing O2 and a tonometer-measured or known amount 
of CO2. the said solution moreover comprising known concentrations of the electrolytes and metakx>iites to be 
determined; 

determining the PO2 titre in at least one said calibration solution; 

calibrating the electrodes in a single cycle with at least one said calikmtion solution in which the pOz titre has 
been determined: characterized in tiiat the said stage of determining the PO2 in at least one said calibration 
solution is canied out using atmospheric oxygen as reference. 

2. Method according to Claim 1 . characterized in that it comprises a subtsequent stage of calibration of tiie electrodes 
which is carried out by means of electrical zeroing on the instrument or with a calBsration solution in which the oxy- 
gen has been removed by chemical or physical methods. 

3. Method according to either of Claims 1 and 2, characterized in tiiat tiie said biological fluid ls chosen from tiie group 
conprising blood, plasma and serum. 
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Method aocording to any one of the preceding claims, characterized in that the said electrolytes to be determined 
in the biological fluid are chosen from the group comprising sodium, potassium, lithium, calcium, magnesium and 
chloride ions and the said metabolites are chosen from the group comprising glucose, lactate, urea, creatinine and 
pyruvate. 

Method according to any one of the preceding claims, characterized in that the pOa in at least one said calibration 
solution is between 100 and 300 mmHg. 

Method according to any one of the preceding claims, characterized in that at least one said reference solution con- 
tains known amounts of oxygen and cartx)n dioxide with pOa and pCOe measured by tonometer during production 
and is stored in coliapsit)le, gas-impermeak)le containers. 

Method according to Qaim 6, characterized in that the tonometer-measured pOa of the said calibration solution is 
between 100 and 300 mmHg. 
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